We performed a prospective, controlled study of kinetic therapy in acute, severe stroke. This therapy involved continuous mobilization of a bedridden patient by means of a specially designed rotating bed. All patients with acute stroke presenting to the Neurology Service over an 18-month period were screened, and those that qualified were assigned to confinement in either a routine hospital bed or a rotating bed. We found that the most common complication of stroke with bed confinement of 4 days or longer was bacterial infection consisting of either pneumonia, sepsis, or urinary tract infection. The two variables found to be of greatest significance in affecting the rate of infection were length of bed confinement, especially for > 13 days (2.3-fold increased risk, p<0.04), and placement in a routine hospital bed (2.9-fold increased risk, p = 0.023). (Stroke 1987;18:638-642)
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T he sequelae of acute severe stroke tend to follow a bimodal distribution. l>2 The major complications within the first week are directly related to the cerebral insult and secondary pressure effects. 2 Survival beyond 4-7 days allows susceptibility to complications of prolonged bed confinement such as infection, thrombophlebitis, pulmonary embolus, and decubitus ulcer. 13 These complications have been attributed to stasis of body fluids, which includes pooling of secretions within the lungs, incomplete emptying of the urinary bladder, and impaired venous return, as well as to pressure effects on susceptible skin surfaces. 4 -3 It has long been recognized that promotion of mobility in bedridden patients can aid in the prevention of stasis and pressure sores. 3 This has led to the development of beds that can provide continuous movement of patients. The purpose of this study was to assess the possible benefit of one type of bed, in a controlled fashion, in patients with prolonged immobility from acute severe stroke. Termed kinetic therapy, this bed provides continuous slow rotation in the longitudinal plane over 124° (Figure 1 ).
Subjects and Methods
We screened all patients with acute stroke presenting to the Neurology Service of Jackson Memorial Hospital within 24 hours of ictus, over an 18-month period. A total of 573 patients with symptoms of acute stroke were screened. We entered into the study patients who could be evaluated and placed in a routine hospital bed or a study bed within 24 hours. Only those patients whose level of consciousness was drowsy, stuporous, or light coma and whose degree of hemiparesis or quadriparesis was 0-2 out of 4 on the Toronto Stroke Scoring System 6 were included. We excluded patients who presented in a moribund state because their time of bed confinement might be limited, the severity of their condition did not warrant extensive medical monitoring, and prevention of complications in such patients is of dubious value in light of their prognosis. A total of 53 patients were entered into the study. All patients were afebrile and had an admission complete blood count, chest x-ray, electrocardiogram, urinalysis, and computed tomography (CT) brain scan.
Patients were assigned to a study bed or a routine hospital bed on an alternating monthly basis. Our inability to obtain valid informed consent from patients with severe stroke prevented stricter randomization. The study bed was recognized as a standard of care for bedridden patients by the Human Studies Committee at our institution. We were allowed to waive informed consent by the patient, but this was contingent on the study bed being designated as routine, prescribed care for a particular month for every eligible patient. Thus, we were able to avoid delays incurred by attempting to contact next of kin although consent was eventually obtained in all cases.
Of the 26 patients assigned to the study bed, 3 died within 4 days secondary to brain herniation, 1 patient was removed from the study when skin excoriation, present on admission, advanced significantly through contact with the bed, and 4 patients improved in level of consciousness to the degree that they found confinement in the study bed intolerable. Of the 27 patients assigned to a routine hospital bed, 1 improved rapidly to the point that bed confinement was no longer required after 3 days, and a second patient was transferred to another hospital on the second day. Thus, there were 43 patients who completed the study: 18 in the study bed and 25 in a routine hospital bed.
Patients were followed daily throughout their hospital course. All patients with nonhemorrhagic stroke received 5,000 units of subcutaneous heparin twice a day, but no patient received a full therapeutic dose of heparin. Each patient wore thigh-high support stockings, and patients placed in a routine hospital bed were turned an average of 12 times per day, which represents conventional nursing care. 3 The turning frequency for study bed patients averaged 200 times per day, which was approximately 8 full rotations/hr. All patients had an indwelling urinary catheter during their complete bed confinement. No surgical procedure was performed on any patient during the study. The decision to terminate complete bed confinement was independently made by neurologic staff physicians not involved in the study, based on the patients' neurologic recovery and ability to sit in a chair.
The study was designed to analyze 10 factors that might affect outcome: age, sex, stroke type (primary ischemic vs. hemorrhagic), diabetes mellitus, myocardial ischemia, atrial fibrillation, hypertension, previous stroke, length of bed confinement, and whether the patient was placed in a routine or study bed. These 10 factors were analyzed in reference to complications of stroke possibly related to prolonged bed confinement including infection [pneumonia, urinary tract infection (UTT), or sepsis], decubitus ulcer, thrombophlebitis, pulmonary embolus, and death.
The two complications that occurred with a sufficiently high frequency to allow statistical analysis were death and infection. The mortality rate was 20% for patients in a routine hospital bed (controls) and 33% for those placed in a study bed. This difference was not significant even when we corrected for length of follow-up as well as for other variables. We did find, however, that the rate of infection in the study patients was approximately 50% of that in the controls. This prompted us to perform a logistic regression analysis of multiple variables to investigate which of the 10 factors listed above, as well as mortality, might have influenced the rate of infection. 7 The influence of bed type on the risk of infection was further analyzed by assessment of cumulative risk vs. length of bed confinement using the Kaplan-Meier estimate with the Mantel-Cox procedure.
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Results A summary of our raw data is presented in Table 1 . The study and control patients were similar in mean age, and there was a similar prevalence of risk factors for stroke in the two groups. There was a tendency for the control patients to have more prolonged bed confinement. This does not necessarily reflect a difference in stroke severity between the two groups since the mortality rate, which is presumed to be the most reliable indicator of stroke severity, was actually higher in the study group.
There was a definite relation between infection and length of bed confinement. Patients who were bedridden for > 1 3 days had a 2.3-fold increased risk of infection (/?<0.04) compared by multiple logistic regression analysis with those confined for s 13 days. Looking at length of bed confinement as a continuous variable, there was a 1.24-fold incremental risk of any infection (pneumonia, UTI, sepsis, or multiple infection) per day (p = 0.012). We also found a 1.1-fold incremental risk of pneumonia (p< 0.024) and a 1.26- The possibility that infection dictated the length of bed stay, rather than that the length of stay was directly related to infection, was evaluated by a two-sample / test for bed days. Comparing patients who developed an infection within 4 days (n = 13) with those who developed an infection after 4 days (n = 14), we found that the two distributions overlapped in a symmetrical fashion in terms of length of bed confinement (r = 0.3, p = 0.67). Thus, we concluded that the length of bed confinement was not a function of infection, but that the converse was true.
The risk of infection was 2.9-fold greater (p = 0.023) in control patients compared with study patients. In addition, the risk of multiple infection (2 or more) was 6.4-fold higher in control patients (p <0.05). This beneficial effect of the study bed was independent of the length of bed confinement. The odds risk of infection was virtually identical among those patients who were at bed rest for s 13 days and those at bed rest for > 13 days. The 6 cases of sepsis all occurred in control patients, and there were 6 cases of multiple infection in the control group (24%) compared with 1 case in the study group (6%). 
DATS FIGURE 2. Cumulative infection rate as a function of bedconfined days in the study and control groups analyzed using the Kaplan-Meier estimate with the Mantel-Cox procedure.
10 between the two groups by Mantel-Cox procedure is significant at p < 0 . 0 5 . Only 2 patients, both in the study group, died free of infection. In the cumulative infection analysis, these patients were treated as censored observations.
We summarize results of our stepwise multiple logistic regression analysis in Table 2 . Excluding the effects of all other variables, we found that myocardial ischemia predisposed to multiple infection (p<0.03). In addition, we found men to be at greater risk for multiple infection than women (4.9-fold increased risk, p = 0.025).
A total of 11 patients (26%) died. A summary of patients who died, including their apparent cause of death, is provided in Table 3 . The patients in the routine hospital bed who died tended to survive longer than those in the study bed, but the small numbers did not allow anything conclusive to be derived from these data. Of note, all patients who died of transtentorial herniation, including 3 disqualified because of their short length of survival, were in the study group.
Discussion
The beneficial effects of kinetic therapy in preventing complications of prolonged bed rest have been demonstrated in patients with acute spinal cord injury." This is the first prospective study of this therapy in acute severe stroke. The value of frequent mobilization of bedridden patients was well recognized in patients paralyzed by poliomyelitis. 12 This beneficial effect was the basis for the use of Stryker frame beds for patients compromised by acute severe stroke in the past. 13 Kinetic therapy has been found to be of apparent benefit in preventing thrombophlebitis, pulmonary embolus, and decubitus ulcer." The low incidence of these complicating factors in our control group suggests that routine use of support hose, subcutaneous heparin, and periodic turning is quite effective in acute severe stroke. On the other hand, the incidence of infection was significantly lower in study patients.
There are several theoretical reasons for continuous rotation to be protective against infection in an immo- bilized patient. In animal studies, 14 immobilization is associated with hypoxemia and atelectasis in the dependent lung. This is alleviated by rotation to alternating lateral positions on a half-hourly basis. Immobility is also associated with pooling of mucus in dependent bronchi with accompanying atelectasis. 15 These factors all have the potential to promote pneumonia and all appear to be ameliorated to some extent by mobilization.
1216 Pneumonia is certainly a major source of morbidity and mortality in acute stroke. Approximately one-third of patients with acute stroke develop respiratory infections according to the National Survey of Stroke.'* Pneumonia is the second leading cause of death in cerebral infarction, but it does not assume major importance until 1 week beyond the ictus. 1 -2 The frequency of UTI is most likely to be related to the use of indwelling urinary catheters in acute stroke as well as to impaired ability to fully empty the bladder, with secondary stasis of urine. Frequent turning has been reported to be effective in preventing UTIs in bedridden patients." 12 This might be related to a diminution in urinary stasis or to the increased contact of the urine with the bladder mucosa, which has bactericidal activity. 17 The absence of sepsis in study patients suggests that kinetic therapy might limit the extent of disease once infection takes place.
The relation between the risk of infection and length of bed confinement is not unexpected. The length of bed confinement was directly related to the degree of neurologic impairment in those patients who survived. Furthermore, we found that, although prolonged bed confinement promoted infection, the presence of infection did not correlate with prolongation of bed rest. All but 1 of 14 patients confined to bed in a routine hospital bed for ^ 2 weeks developed a bacterial infection. Kinetic therapy significantly reduced the risk of infection, and this effect was independent of the length of bed confinement.
Despite reducing morbidity, kinetic therapy had no effect on mortality. The majority of patients who die directly from acute stroke, especially those dying of transtentorial herniation, do so within 4 days of ictus. 2 This was our basis for excluding 3 patients who progressively deteriorated and did not survive for at least 4 days. The fact that all patients who died of transtentorial herniation were in the study group raises concern about a possible adverse effect of kinetic therapy on intracranial pressure. The difference in mean duration of bed confinement, 17.7 days for control patients vs. 11.1 days for study patients, reflected several factors. For one, the mortality rate was higher in the study group; of the patients who died, all but 1 died within 2 weeks. On the other hand, of the 5 dying in a routine hospital bed, 1 died at 2 weeks and the others died between 18 and 43 days after ictus. Excluding patients who died, the mean duration of bed confinement was 15.2 days in the routine hospital bed and 11.2 days in the study bed. In addition, there might have been a tendency for the clinicians supervising the care of the patients to limit the days of strict bed confinement in the study bed to an absolute minimum. This decision was an independent one, and we observed that an improvement in mental status was often inversely related to tolerance of the confining aspects of the study bed. We found, for example, that 4 patients could not complete the study due to either intolerance of the confining aspects of the study bed or its continuous rotation.
This study demonstrates the effectiveness of kinetic therapy in reducing the high rate of infection, which becomes nearly universal in stroke patients confined to a routine hospital bed for 2 weeks or longer. The rotational bed appears to be most worthwhile in those patients who are severely compromised by a stroke but who are expected to survive. There is no doubt that complications from stroke impede rehabilitation and can cause significant delays in the placement of severely disabled patients in a chronic care facility. Placement in this rotational bed must be carefully monitored to ensure that a particular patient can tolerate its confining aspects and the continuous rotation. In addition, caution must be exercised if there is evidence of increasing intracranial pressure since we observed that all deaths directly attributable to transtentorial herniation occurred in study patients.
